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INTRODUCT ION 2

Materials science resear\h in the absence of gravitational fér—

ces, under microgravity conditions is one of the uni gue
opportunities aveilable in space. The absence of gravitstion
poses botd design preblems and research promise; this was
recognized from the beginning of ouwr space program. uploratory

evperiments were carried out on a few of the Apollo missions.
The beginnings of organized research occurred on the Skylab space
station missions, and further experiments were conducted on the
Apcllo-Soyus mission. The advent of Shuttle brought opportunity
for microgravity experiments in the cabin middeck, in Getaway
Special cannisters, on payload carriers in the Shuttle payload
bay, and in the Spacelab. The Soviet space program hes seen ex-
tensive microgravity ressarch aboard the Salyut series of space
stations. Some Soviet watchers believe the new, larger Mir
station will be largely devoted to pilot production of electro-
optical materials.

Microgravity research has advanced from E“plﬁrat:ry evpariments
to structured research and development in a Yew YEArs. Work in
the tield, however, ig presently severely constrained by acoes
the space environment. Imagine the frustration of try
nduct materialise laboratory research and development it on
culd wse one’s lab only one weelk out of every vear. That  i-
pprovimately  the contraint under which Western microoravity
szarch is conducted (the Soviets enioy more or lesz continuous
cperation of their facilities, but access, i.e. resupply or
return opportunities, are infreguent). The U. S. space station
will, AHor the First time, offer researchers antd commercial
developere a continuously gvallaHle. :oﬁtinu 1} mﬂwﬁéﬂ tacility
with something appre mlma*‘wm =) i = form o of &
shuttle vicit about ewve ThlE re
in facility availnbillty oy the grder of £ifly and ic
3 \ ate research and developmen . progress. Tt wiil,
+or Gnamyla, be possible to complete the developmsnt of & ¢
meircial process in a time pericd short =nough to sttract
investors. Ressarch and development programs, rather ¢
isolated experiments, will be the norm.
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The space station promises an entirely new and highly productive
way of doing microgravity R % D in space. Thie promise can be
transformed into reality if the space station designers create
the right kind of laboratory dezign and operating environment.
That challenge and what we on the space =+at1cn program are doing
about it is the subject of this paper.
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Laboratory Operaticns

The space station laborzatory must bhave new kinds of design  fea-
tures to enable itz new way of operating. To specify these new
dezian features, we must take care to properly underztand the new
way of operating. A begimning is to compare the space <cstation
lab with the present Spacelab, as in Table 1.

“__...-—-—‘

Freparation of the Spacelab for flight is a time-consyuming oper-
ation. (This is not intended as a criticism since the Spacelab
has the luxury of time and the labor-intensive integration and
checkout procedure cimplified the design.) Experiment payloads

are built up in standard racks and checked out. Software is
written +Ffor the Spacelab computer with a fiow time of about
eighteen months. The entire payload assembly is integrated and

checked out in the K&EC Spacelab facility before installation; the
end caps of the Spacelab are removable so that the completed
azsembly can be end-leocaded inteo the Spacelab shell. Urnce the
assembly, integration and checkout are completed, the Spaceiab is
inzstalled in the Shuttle payload bay (in the Orbiter Frocessing
Facility), connecteag to the Shuttle cabin by the Spacelab tunnel,
and integrated with the &Ehuttle. The Shuttie supplies electrical
powetr , thermal control, partial environmental control, and com-—
mnications for the Epacelab; integration and checkout must
ensure that all interfaces are made and functicning properly.

]

Several weeks norms

211y transpire betweesn the time the Srecelab is
ioaded into the tht g and the actual launch. Late access  to
the Epacelab, Ffor example to place living specimense onboard, is
accomplished through the Shultle cabin and the Spacelal tunmel on
the pad, using an apoaratus like a bosun 'z chair.
The Spacelab operates basically as an experiment carvier. While
there is extensive crew invoivement in evperiment operations, the

short duration of the Spacelab flightt means that most enperiment
preperations  and anal s of resulitse shouwld be, and are, con-
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divcted on the qrnAx“. Crew presence and inviolvement in Spacelab
1 siring

"T

o proven of inestimable value in trmutlﬁ
experiments, ez well &= in inter
information with scientistzs on

14, £ o X SN E . the euperime

remctely in the Shottle payloasd

ooting and rep
lte and !
that would
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The ”Dﬂrﬂ station laboratory will nmot return to Earth  for
gxperiment installation and integration; theze functions
accomplished in  space. Eecause of the guantum leap in  flight

pportunity time anc the long duration onboerd residency atforded
hy the space station’'s permanence, operations 1in the space
station lab will be attuned to research and development programs
rather thamn isolated experiments.

after itz initial eassembly, integration and checkout on  the
ground prior to launch, the space station lab will be, for all
practical purposes, permanent in space. Experimental equipment
and facilities will be built up, usually but not necessarily
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alwavs, into racks similar in size to Spacelab rscke, pre-s
intearated in si1aulator/emulator facilities on the grownd.  and
entered into the space slation logistics systea. Lab egutzpment
will ordinarily be launched in & logicstics module  aboard  the
shuttle. Thie module i1is aboul the size of Specelab; it ie

designed to be berthed to the space station o that eguipment can
be transferred 1into the space station in & shirt-sleeve pre

surized environment. The logistices module iz not conmected  to
the Shuttle cabin by & tunnel. Means of late access for perish-

able scientific payloade have not been selected, but the mo=zt
likely candidete is a hatch to permit entry through the Snuttle

ayload bay before the payload bay doors are closed. Emall
payleoads could be carried in the Shuttle cabin since it, as well
as the logistics module, will be berthed to the spece station.

When a laboratory payload rack arrives at the space station, it
will be transported to the lab. Unlike Spacelab with 1te remov-
able end cone, all equipment for the :pace sta tion lab mu&f
+hrouqh the hatrhwm its dimensions,

a2

s are qhﬁWﬂ in Figure 1.

through the ha*;. will have to be built up 1n51de the lab.

i

Rack inst

allation design is aimed at making the installetion  and
checkout Jjob simple. The rack is placed into its loocation, with
structural fasteners accessible from the front. All connections
to the rack are fully accessible from the 4 it as pict T
Figure 2, so that interface veri{irﬂtian is i d i
rack in its operating pozition and with the ]
accessible. ar alternate M"tilt-out”" schems shown
wouid permit eccess to the sides and re t
disconnecting ths hookups, but with
reminds this author of working on a TV =

sas the picture. Since access to all :ides
connented to vwtilities will somstimes De nec
ment permitting the rack to be slid out

seEems appropriate.

Individual process runs {(1.&. "EpErlme
oriented experience with this immatuye fiel

s

any proc ruan as an Ysxperiment’) will tak

to abowt three weel Clesrly, effective

orbhiting lab reouires that we be able to s .

results, mocilfy, and continue 1anwflaa*1nn:

Bnources.  Thig means preparation or evchange of samples calib-

5
ration and setun, real—-time monitoring, oleaning of appsaratus and
gquipment to prepare for additional runs, guick~look analysi
=

i
and modification and repair of equipment, =and 1t means th the
support eauwipmesnt for these functions must be present in the
laboratory. Our early perceptions of lab cperations supposed =2
relatively complete analvtical laboratory on orbit, but it  soon
hecame clear that the 200-to-1 ratio of on-orbit to on-the-ground

cost of &a research manhour meant that only ouwick-look analybl&

sessential to timely continuation of an invesiigation should be
performed in space.

5{%1“
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The intensity of use of laboratory eguipment 1s & key issue. If
all the equipment in the lab were in use all the time, we woold
nesd over & hundred kilowatts to power it and more than  the
entire ospace station crew to operate it. However, analiysis
equipment will be operating only when analysis is done, and
experimental pevloads will be dormant part of the time berause
its users will be occupied with in-depth analysis and planning or
redesign of further investigatione.

We looked into the integsity of using typical payloads through
scenario anlayses. These depicted research and developmental
programs and their uncertainties. Figure is a flow diagram of
one of these scenarios. Each block représents a sseriez  of
process runs or an activity that must be completed before process
runs  can resume. Each is characterized by a calendar time and,
where appropriate, by resupply requirements. EBranches represent
uncertainties, "what—ifs", where relative success or Failure
cannot be accurately predicted and affects continuation of the
investigation. Scenarios were processed by a simple permutation-
combination computer routine.

Results for the scenarioc described above are shown in Figures )
and . The "8" shape aof the total elapsed time curve indicates
that the scenario included enough branches for representative
overall statistices (it shows that the joint distribution ap-
proaches a normal distribution). The time reguired, 1in this
example, to reach a commercialization decision is within a tvp-
ical investment horizon. The key point for laboratory desion is
that the lab payload is in use about Z5% of the time. This was
reprecsentative for all ouwr scenarice; the rezult was used in re-
sourcs (power, etc.) analyses described below. A second  im-
portant finding ie that the lsb should accommodate more pavloads
than the available crew can operate simultaneously bscauses
payloads will be inactive most of the time. The cost of trane-
porting payloads up and down is so high that it will b
economical for a customer to pay space station occcupancy charge
during usual dormant periods.

i

n

The Man-Tended Option

The space stetion program presently includes a man-tended option.
This opticon is investigeted both as a principal option, i.e

something to exist for several vears, and as an interim option, =2
step in  the space station buildup proceszs to exist for a few
months up to perhaps a year. The man—tended lab would be
operated remotely by auvtomation or telecopersation except during
shuttle vieits, typically six per year, with about seven dayse of
productive crew time each.

We HFound that procese runs can, in most casezs, be readily
automated (and will be also for the permanently manned 1lab to
conserve crew time) but that such things as sample preparation
and equipment clean—up are beyond the plannkd state of the art
for robotics during the early space station years. Teleoperation
is a possibility; we developed concepts such as depicted in
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emulator”. The commurioations tims Ol sy
Can be up to sover al rooonon berause o

multiple posses

thirouah

severe problems for teleoperastion.

Thes pshot of the man—tended investigation wes that (1) the loes

in prood ivity., compared to the permang

entirely out of proportion o the relatively

for a semi-permanent man-tended optiong

operations during space station buildup off

inctrease 1in facility availability over current ¢
o

apa ties and
makes good sense. Investment in special saguipment Lo enhance
man—-tended operations for a short time period is

o
~
b2

warranted.
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o4 thumb" behavoiv of

anal vse Liv =hnr' tout
these were applied to the Case. i
W1t iz shown in Fioure 1? Nﬁ concluded that
f o jlizaticon range, T trew of 4 to & dor the lan
ould be ideal, but that the T to T we expect will be adeguate.
Hth oniv 2 to T ocrew, it is  advigable to redute on-or i b

in size end fourteen fa c1;*t g ware

Ty
RO

analysis of lab results to & minimum level, comssnsurate with
ensuring that experiments and Jnv“fflnntnn”_ arg proceeding
pr pmrlv. Thi's appeares to have little effect on what charac-

terizaticr eqgquipment is Epprooria te for the lab, but significant
impact or how and how often it iz used,.

Frower results for the B-facility set are applicsable to the set of
1

14, because crew availablility sets the powar ievel. Z0 to 25 kW
of user power will permit lab operaticns with relatively little
constraint effect due to power limits. This iz true becaus
desirec utilization level for a process is only about 3
hecauses s: ;Fl{;canf parts of a process tlow for a high—pow2r pay-—
1mad deo mot involve operations at hiigh powsr. Therefore, even
+huxg ornly one 15-kW furnace can be operated at one time with a
25—k powsr constraint (there are typically threas on hoardy, this
11m1+ tign i to schedule sround.
Az materizls processing epplications grow and mat e, more usar
mower  will be neesded. Froduction prf’rtypc Qi i pman
higher desired duty facturﬁ than :
N . o)

an imporitant software implicetion heve: effic
station resources the lab means that & real-t
b

es far CimE
for lab operations will be nesdeds it chould be an on-
board cability ea g pract

EEhEdulEf‘CDHQWD-IE”
imeant  poesr, Onoe
auratz i

.

Y 1%
rah@;ulsn; Crew tlme are
a mominal allowance for

repair and modification it and

facilitiesz and eguipment as remearch and d?velﬂr ment programz are

completed. The values do not include logistics overhead guch as

packaging and logistics modules or pallets (the rack provides the
ackaging for rack-mounted eguipment). They aleo do not in wlude

1
allowances 4for space station resupply or fpor the international
laboratories planned as part of the space station.
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Laboratory Configuration and Outfitting

The size of the laboretory module. illustrated in Figure 19, is
dictated by the spece shuttle pavload bay end  the C:E“a icnal
reoulvrement to carry a dorking module  along  with A
station elements being delivered, so that the shutitle can ﬁﬁfk to
the space station.

r’f‘
"n
m
]
Y
T

A number of interior arranpements for the module were analyzed,
with objectives of achieving a simple practical design while
providing as much useful payload volume as possible consistent
with crew workspace reqguiremants. A further constraint on the

design was to maintain payvloed accommodations commonality with
the international modules so that a pavlioad may be assignsd to

2l

any of tre leb modules present at the station. Thie Feature
offers gqgrest flexibility to mission and operatione planners  and
enhances the overall utility of the station. The internal
arrangements of the U. ©., Ewopean, and Japaness modules are

simitar, but the diameters are different, with the irternstional
modules having an internal diameter about ten inchez smalier than
the 1647 planned for the U, &. module.

’

The princ:pal arrangement coptions svalusted were Thorizontal®,

-
“

<+ 4
sz depicted in Figure 28, and "vertical', with transverse
circular floors dividing the module into five CJMdetWEﬁ+E The
Forizontal arrvangemsnt was felectad as better suited to & mater-
iale processing lab. It ig also the arrangement sor the inter-
national modules as well as b91ng the preferred arrangement for a
“““Ltat in space, of course., the terms."vertical®” and "horiz-
tal” refer only to viesuwal orientaticon within the module and  do
not dencts up or down. A representstive module crosz-—section 1s
shown in Figure 2¥. A representative allocation of nterid
volume to subsystems, equipment, antd 1lab facilities 13 istw)
Figwe 22. 1;1u5trmting that the lab interior must b3

spate station eguipment and subsystems necessary to mak
habitable, im addition to eguipment and facilities

laboratory functions. Since the space station may
orly two gsodules when initially manned, the lab must &
provisions {labeled '"safe haven') tm SECVE as  an

habitat i- the svent the main habitst becomes unusable.

r+

Standarg double" rack dimen are shown in Figure 23, Two
options e =zmhown, the sh compatible +
diameter international modul g the larger ed 4t 2
tain  LL s, module  usen sy in the habitat. Mozt of  the
facilitiez and eguipment wi accommodated in rachkz of the
size shown, but a "single" rack of about half this widih will
alsc be svailable. The "single" and "double” designations éare
derived from the Spacelab: although the apace station racksz are a
different shape than those for Spacelab, drawer-size Spacelab
eguipment will it into theze racks. The eingle rack accom—

modates the MIL-~-STD-189% rack drawer sice.

Similarity among the four U. B. space station modulesz (one hab,
one lab, and two logistics) has led to a design for a common
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module that incorporates fsctures and sgquipment ¢
modulen, Determination of what ie commor: is inco
any case the concept of ouifitting derives frrom th
apjir vach, where a contractor t‘eap“"wﬁEW1p for a par
module is to receive & common module which he wi
the eqguipment unigue to his th:u]ar moriwle and

The preliminary design effort put into efficient
the lab ¢ interior volume was successtul enough
outfitted lab is toe messive to launch in  the
Consequentliy, some of the cutfitting will be don
equipment delivered on later- flichts. Estimates
load capability to the space station range from a
about 55,0300 pounds of laboratory mass, depending
altitude, the shuttle configurstion used, and th
payload chargeables on the delivery flight. A Ff
lab including stored items and consumables will
1b. mass.

The sitrat
ground  an
subsyetems and utility distribution thet must be
checked out to have a functional module and next,

gy for outfitting comcerns what to 3

portant, priority to similer lab systems that mu

have a functional laboratory. Further, the strat

initial mission capability for the leb as launched, addin

mission eguipmeant, StDFEH and Ln.sumabIFF by on—-or
Simce the initial lab operaticrns will be conduct
thabitat 15 added, while the E:ai’on iz mannsd

=
d what to outfit omn orbit. It gives top pr1or'

oammorn to th
mplete, Lt
€ Comman moy
ticular eno
11 outfil with
ite purpose.
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